Introduction
Amiodarone, a bi-iodinated benzofuran derivative, is widely used for arrhythmias. Many patients benefit from the effectiveness of amiodarone in treating potentially life-threatening arrhythmias. However, amiodarone-induced pulmonary toxicity (APT) is a severe complication. Even after the discontinuation of amiodarone, not only is APT difficult to manage, but there is also a potentially life-threatening risk of recurrence of arrhythmias. In this case, we describe multiorgan complications secondary to amiodarone use, especially APT combined with pneumonia with atypical pathogens and pulmonary hemorrhage following procedures. Following treatment and stabilization, the patient experienced sudden cardiac death while recovering from pulmonary complications.
Case
A 65-year-old man presented with fever, worsening cough, and dyspnea. He had lost 10 kg over the past 2 months. He had a medical history of atrial fibrillation; myocardial infarction caused by diffuse spasm of the left and right coronary arteries; and aborted sudden cardiac death from ventricular tachycardia, which was converted to sinus rhythm following electric cardioversion. He was a 40 pack-year smoker and a chronic alcoholic. Regular medications included aspirin, nicorandil, diltiazem, valsartan, warfarin, and amiodarone. He had taken 400 mg/day amiodarone for 3 years (a total cumulative dose of 232 g) to control atrial fibrillation and life-threatening ventricular tachycardia. Because APT was suspected, amiodarone was immediately discontinued. On examination, the patient had a regular heart rate of 78 beats/min, blood pressure of 90/50 mm Hg, respiratory rate of 20 breaths/min, and body tem- Amiodarone has been widely used for supraventricular and ventricular arrhythmias and many patients benefit from its effectiveness in treating potentially life-threatening arrhythmias. However, this drug can cause multi-organ toxicity, including amiodaroneinduced pulmonary toxicity (APT). Not only does amiodarone have a long half-life but also is lipophilic and therefore can easily accumulate in tissues. Hence, it is difficult to monitor therapeutic levels and side effects, making it difficult to predict toxicities. In this case, we describe multi-organ complications secondary to amiodarone use, especially APT combined with pneumonia with atypical pathogens and pulmonary hemorrhage. The patient reached a high cumulative dose of amiodarone despite a low maintenance dose of amiodarone. This case highlights an unusual presentation of APT with multi-organ toxicity and we review articles regarding the association between the cumulative dose of amiodarone and amiodarone-induced toxicities. The patient then complained of general weakness, and objectively, his muscle strength was slightly decreased. Thyroid func- A thyroid scan revealed decreased 24-hour iodine uptake (Fig.   3 ). These results suggested amiodarone-induced thyrotoxicosis without hyperthyroidism.
Case Report
Mycobacterium avium was isolated from an initial sputum culture; however the patient was not on antituberculosis medications beside macrolide for any possible atypical pathogens. Six days after resuming aspirin and warfarin, the patient experienced massive hemoptysis with acute respiratory distress syndrome (ARDS), requiring endotracheal intubation, artificial ventilator support, and urgent bronchial artery embolization. However, ARDS failed to improve despite the management. Pathologic analysis of PCNB sample showed chronic interstitial pneumonia with fibrous thickening of alveolar septa, chronic inflammation, and collections of intra-alveolar foamy macrophages in alveolar spaces, which were positive on Oil-Red-O staining (Fig. 4) .
The ultrastructure of foamy macrophages revealed numerous lysosomal inclusion bodies, which had electron-dense multilamellated deposits (Fig. 5) . These histological findings were consistent with those of amiodarone-induced toxicities.
After the administration of high dose parenteral steroids, ARDS gradually improved. The patient was successfully weaned 
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from the artificial ventilator and his general condition continued to improve. However, he faced sudden cardiac death, which was probably caused by a ventricular arrhythmia.
Discussion
Amiodarone is similar in structure to the thyroid hormone.
It is lipophilic and therefore can easily accumulate in tissues.
Further, amiodarone has a long half-life of more than 50 days.
Hence, it is difficult to monitor therapeutic levels and side effects, and toxicities are unpredictable.
Amiodarone toxicity has been reported to affect the liver, lung, eye, heart, thyroid, nerves, and other organs [1] . In particular, APT can present as interstitial pneumonia, lung fibrosis, various types of pneumonia, and life-threatening ARDS. The incidence of APT is approximately 5~10%. The risk factors for APT remain unclear, but advanced age, pre-existing lung disease, and past thoracotomy are regarded as risk factors [2, 3] .
Studies have found no association between the dose of amiodarone (both initial loading and maintenance dose) and APT [2] . For example, patents who have taken a low dose of amiodarone or those who have taken amiodarone for less than 1 year frequently experienced APT [4, 5] . Some authors recommend using a low maintenance dose of <400 mg/day because of the relatively low likelihood of developing APT at this dose [3, 6] .
However, many recent studies have found that a high cumulative dose of amiodarone is closely associated with pulmonary and thyroid toxicities, even with low maintenance doses of amiodarone (1, 7, 8) . One study reported that long-term use of a low maintenance dose of amiodarone in the elderly, with a cumulative high total dose of 101~151 g, increased the risk of APT significantly (odds ratio [OR], 10.29; 95% confidence interval
[CI], 3.42 to 30.92) and reached a plateau at the cumulative dose of >150 g (OR, 9.5; 95% CI 3.8 to 23.67) [7] . Similarly, another study reported a significantly increased ATP risk with cumulative doses of 140~230 mg [9] . In this case, a low maintenance dose of 400 mg/day amiodarone for 3 years was prescribed, which was quite a long period. As the result, the patient's total cumulative dose was >200 g. Although there were no pathognomonic findings for APT, pathology results from the needle biopsy showed foamy macrophages with characteristic lysosomal inclusions and typical electron-dense multilamellar bodies. APT is a diagnosis of exclusion and frequent manifest as chronic interstitial pneumonitis and pulmonary fibrosis [2, 3] . Given the patient's medical history, clinical presentation, pathologic findings, and especially the rapid improvement with parenteral high-dose steroids, the diagnosis of APT was clear.
However, this case had some complex components. The patient was a 40 pack-year current smoker and also suffered from lung infections caused by multiple atypical organisms, so multimodal therapy was important. When APT was suspected, the first step was to discontinue amiodarone and use another antiarrhythmic therapy while managing APT. The second step was to address and treat other possible causes. Another rare presentation of APT is pulmonary alveolar hemorrhage [10] . Although the patient in this case experienced hemoptysis, the first episode occurred after PCNB and PCNB pathology did not show evidence of hemophagocytic macrophages. The second episode of massive hemoptysis occurred 6 days after aspirin and warfarin treatment was resumed. Following the massive hemoptysis, the patient developed ARDS, which was controlled by bronchial artery embolization and high-dose parenteral steroids. The patient's overall respiratory condition rapidly improved, not because of antibiotic treatment for the atypical pneumonia, but rather in response to high-dose steroid therapy. The association between hemoptysis and APT remains questionable in this case.
The cumulative dose of amiodarone is also important in the development of thyroid toxicities. One study showed that the risk of thyroid dysfunction increases with an increasing cumulative dose, and when the cumulative dose is >144 g, the adjusted OR is 12.0 (95% CI, 6.1 to 27.3) [8] . Amiodarone-induced hyperthyroidism was also noted in this case. New thyroid dysfunction was confirmed by laboratory tests, and a thyroid scan showed decreased 24-hour iodine uptake.
Several mechanisms of amiodarone toxicities have been proposed, but there are 2 major basic mechanisms [9, 10] . The first mechanism constitutes an immune-mediated hypersensitivity and the second is a direct drug-induced phospholipidosis. Dose-independent acute onset toxicities usually have a rapidly progressive course and can be unpredictable. This pattern might be related to APT, which occurs after initial or low-dose amiodarone use. While, insidious onset toxicities commonly progress more slowly than immune-mediated hypersensitivity and typically present in patients who have taken amiodarone for >2 months [10] . Common symptoms include weight loss, chronic aggravating cough, and dyspnea, conditions that were apparent in the clinical presentation of this patient.
This case reiterates the importance of the cumulative dose of amiodarone. Physicians should carefully evaluate patients who have been taking low maintenance doses of amiodarone for a long time, even if they are asymptomatic. This is particularly important if the cumulative dose is >100 g, as the possibilities of lung and thyroid toxicities should be weighed. In these cases, we recommend that chest CT, pulmonary function tests, thyroid function tests, and serial follow-up of liver enzymes be performed.
